
I

REPORT DOCUMENTATION PAGE Form Approved

Publoc e teo burden for the c*oNecOn of ,ntonatr o h estoMated to average I ow pe respofI. *Niddg the bone for ievrwatruc sesdawg eani data so,cet.
gatnerg and aotaining the data rieded . and m e and e -sewun th colletione efonnation. Send .ommen , d0 tt burden estumate or any oter atwc of thnt
col~cuen o- infomatin. mndudug sugges s fw vduciag the bden, tn Wat gn adquaa Sena ... on f on Operato and Repom ti IS Jefferson
oasghWy. Ste 204., A nvAM, Z #4 . and o te OfrfeiMaaement and udget.Pap dinolectO .0704I).awhngton. OC 20103.

1. AGENCY USE ONLY (Leave Wlank) 2. REPORT DATE 3. REPORT TYPE AND OATES COVERED
1 11/25/91 Final Report 10//89-9130191

4. TITLE AND SUBTITLE S. FUNDING NUMBERS

Rough Surface Scattering

A AUTHOR(S)

Dr. John A. DeSanto

7. PERFORMING ORGANIZATION NAME(S) AND ADORESS(ES) .. PERFORMING ORGANIZATION
REPORT NUMBER

Depart. of Mathematical and Computer Sciences
Colorado School of Mines
Golden, C 80401

L SPONSORINGIMONITORING AGENCY NAME(S) AND AOODRESSMS) 10. SPONSORING IMONITORING

AGENCY REPORT NUMBER

Office of Naval Research
800 N. Quincy Street
Arlington, VA 22217-5000

mcu 11. SUPPLEMENTARY NOTES
-'i.

ru
12a. DISTRIBUTION IAVAILABIUY STATEMENT 12b. DISTRIBUTION CODE

This locument has been approved
for public release and sale; its
distribution is unlimited.

13. ABSTRACT (Maximum 200worr)

See the attached. D T IC
ELECTE3JAN 2 31992D

91-19148

14. SUBJECT TERMS 1S. NUM ER OF PAGES

I;Scattering; rough surfaces
16. PRICE CODE

17. SECURT o s.AS oA " 15. SECRITY €SSICATION 1. SECURITY CLASSIFICATION 2. UMITAT1N OF ABSTRACT

OF REPOr OF THIS PAGE Of ASSTRACT

Itan4*ard nrm 2q (Rev 2-89)



13. Abstract

The objective is to understand the theory of acoustic scattering from rough surfaces,
with applications to ocean surfaces.

It is necessary to develop multiple scattering models that are able to treat larger values
of roughness, as well as to incorporate as much information as possible into a statistical
description of the surface. The mathematical methods we have developed are generic in
the sense that they can also be applied to any rough surface. Enhanced backscattering
can result when the surfaces are very rough.

We have found additional new results for the coherent (specular) intensity and the
backscatter enhancement effect for the direct scattering problem. In addition, we have
reconstructed surface profiles from scattered field data using two different approaches.
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OBJECTIVE

Understanding the theory of acoustic scattering from rough surfaces, with applica-
tions to ocean surfaces.

BACKGROUND

The modelling of direct scattering from rough surfaces has gone beyond simple mod-
els such as perturbation theory and the Kirchhoff approximation. Multiple scattering
can lead to significant scattering effects, particularly if the surface is very rough. As an
example, we point to the enhancement in the backscattering direction. For the inversion
problem, however, no one has previously worked out the scattering in the perturbation
and Kirchhoff domains.

APPROACH

1. Continued theoretical development of the spectral coordinate (SC) method.

2. Computational solutions using the coordinate coordinate (CC) equation for the
direct scattering problem.

3. Solution of surface inversion problems using the SC method ill the perturbation
and Kirchhoff domains.

4. Further development of approximation methods.

RESULTS

1. For angles away from grazing, the coherent specular intensity is predominantly
single scattering even when multiple scattering is occurring.

2. Beyond a certain roughness, the predominant field in the specular direction is
incoherent rather than coherent.



3. Surface inversion is possible using the SC method in the perturbation theory domain
with an FFT algorithm.

4. Surface inversion is possible using the SC method in the Kirchhoff domain using a
restricted data window and an FFT algorithm.

DISCUSSION OF RESULTS

Research was undertaken along both theoretical and computational directions. In
the theoretical area the spectral coordinate (SC) method was further developed. This
was first published by me in 1985. It is a mixed-representation solution for the rough
surface scattering problem, spectral for the scattering amplitude that is directly related
to the coordinate dependent boundary values. The overall objective was to insure that
the theoretical development was valid for surfaces with very large heights and slopes
where backscatter enhancement can occur. The relation of the SC method to both
coordinate-coordinate (CC) and spectral-spectral (SS) was also derived, thus yielding a
unified theoretical development.

Computationally both the coordinate model for scattering as well as the SC method
were used. The direct scattering was done with the coordinate method, the inverse
scattering and surface reconstruction with the SC method. For the direct scattering
statistical calculations yielded two results. The first is that the coherent scattering is
predominantly single scattering even for large roughness. The second is that for large
enough roughness the incoherent field in the specular direction is larger than the coherent
field. Two methods were used with the SC to find surfaces from the scattered field data.
The first used perturbation theory and resulted in an FFT algorithm. The second used
the Kirchhoff approximation and a limited aperture of the data to again find an FFT
algorithm.

Examples of the coherent return and surface inversion are attached.
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